Murine cytomegalovirus (MCMV)-induced protein synthesis in mouse embryo fibroblast (MEF) cells was studied using polyacrylamide gradient SDS gel electrophoresis and autoradiography. Synthesis of at least 14 virus induced proteins (VIPs) was consistently detected in a lytic cycle. They were designated VIPs I32, 118, 99, 98, 88, 8t, 76, 74, 58, 56, 5I, 38, 36 and 33 on the basis of their mol. wt.
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were at least four virus induced proteins (VIPs) synthesized in infected MEF cells immediately after infection (Moon et al. 1976 ) . Since the early VIPs might play major functional roles in determining the outcome of virus-cell interaction, it is important to examine a lyric infection process with regard to the sequential appearance of these early proteins.
In this communication we report the pattern of MCMV-induced protein synthesis studied by gradient polyacrylamide gel slab electrophoresis and autoradiography.
METHODS

Cells and media.
Primary mouse embryo fibroblast cells were grown in Eagle's minimal essential medium (MEM) containing IO 9/oo foetal calf serum. These cells were used for all experiments and for virus stock production as previously described (Kim et al. 1976) .
Virus. The Smith strain of MCMV was used (Kim et al. 1976 ) . Plaque titration. The procedure was the same as that described previously (Kim & Carp, 1971) .
Infection of cells and incorporation of radioactive isotopes. Confluent MEF monolayers (I x lO s cells/plate) in plastic tissue culture dishes (Falcon 35 × IO mm) were infected with MCMV at m.o.i, of 5o p.f.u, and adsorbed for I h at 37 °C. Under these conditions no cells escaped the virus infection as evidenced by the development of IOO ~ c.p.e, and the presence of virus inclusions in every cell (Kim & Carp, 1971) . Mock-infected monolayers were used as controls. At the end of the adsorption period virus or mock inocula were removed. The cells were washed with media, and incubated for appropriate lengths of time as indicated in figures and tables. Zero h p.i. is designated to occur at the end of the I h adsorption period. Labelling medium consisted of methionine-free MEM supplemented with Io#Ci/ml 35S-L-methionine. Pulse labelling was for 2o min or I h at 37 °C. When a chase period was required, the growth medium for the ceils was used for washing and subsequent incubation. At the end of the labelling or subsequent chase period, cultures were harvested by scraping cells into ice-cold phosphate buffered saline (PBS) and the cells washed three times. The final cell pellets were frozen and thawed. Then, 5 °/zl of distilled water were added and the cells were sonicated by immersing them in an ultrasonic water bath. The amount of protein was determined by the procedures of Lowry et al. (I95I) . A fixed amount of protein from the samples was taken for electrophoresis.
5 to 2o ~ gradient gel slab electrophoresis, autoradiography and densitometry. EIectrophoresis was done in an SDS polyacrylamide gel slab as described previously (Kim et al. 1976) . The gel slab was dried and an autoradiograph was made from the gel and developed according to Kim et al. (1976) . Densitometer tracings of the autoradiographs were done using a soft laser scanning densitometer Model SL-5o8 (Bio-Med Instruments, Inc., Chicago, Illinois, U.S.A.).
Virus purification. Purified 35S-L-methionine labelled virus preparations were obtained by methods described previously (Kim et al. 1976) .
Molecular weight determination. Determination of mol. wt. of VIPs was made by methods described by Weber & Osborn (1969 4, 6 to 7, and 9 to x o h p.i., respectively, and then chased in a media containing cold methionine until 18 h p.i. Slots B, F, K and O represent infected cells pulsed and chased in a sequence similar to that used for mock-infected cells. C, G, L and P are autoradiographs of mock-infected cells pulse labelled with asS-L-methionine o to I, 3 to 4, 6 to 7, and 9 to IO h p.i., respectively. Slots D, H, M and Q represent autoradiograpbs of infected cells pulse labelled in a sequence similar to that used for mock-infected controls. Slot I is purified 35S-L-methionine labelled MCMV. * Autoradiographs were prepared from infected and mock-infected cells pulse labelled for I h with 35S-L-methionine as described in Fig. I during o to 18 h p.i. The mol. wt. of the peptides seen only in infected cells were estimated from the electrophoretic mobilities of purified MCMV structural peptides used as standards.
t The relative intensity of each VIP autoradiograph band was expressed as follows : -, absence of band; ++, increased band intensity; +++, maximum intensity of band; +, faint band which is hard to distinguish from host protein band; +, definite band.
RESULTS
VIP synthesis in MEF cells infected with MCMV
MEF infected with MCMV started to produce detectable infectious virus at 16 to I8 h p.i., as previously reported (Moon et al. 1976) . The maximum yield of virus was reached at 3o to 35 h p.i. Therefore, to study the overall pattern of protein synthesis in MEF infected with MCMV, both infected and mock-infected ceils were pulse labelled I h with 35S-Lmethionine at 3 h intervals starting from o to I8 h p.i. As described in the Methods, whole cell lysates were electrophoresed and autoradiographs were developed from the dried gel. The tool. wt. of VIPs were estimated from their relative mobilities using purified MCMV peptides as standards (Kim et al. 1976) . The standards migrated in the gel system as a linear function of the logarithm of the mol. wt.
The antoradiographic patterns of VIP synthesis from o to IO h p.i. and of proteins from purified MCMV are presented in Fig. I . Not included in this figure is the autoradiograph derived from infected cells pulsed during the entire adsorption period which showed that there was no VIP synthesis during this time span. Fig. I also contains results of pulse-chase experiments (Fig. I A, B , E, F, J, K, N and O). Slots C and D of Fig. I represent mockinfected and virus-infected cells, respectively, pulsed o to I h p.i. During ithis period, the synthesis of five VIPs was detected in cells infected with MCMV. They are VIPs 98, 88, 8 I, 76 and 74. In addition to these four major VIPs (98, 88, 81 and 74) and one minor VIP 76 which were routinely detected during the first hour of infection, three minor VIP bands, I32, 38 and 33 were seen in some experiments (o to I h p.i.). However, these minor proteins were hard to distinguish from host protein bands.
Autoradiographs of mock-infected and MCMV infected cells pulse labelled during 3 to 8I, 76, 74, 5I, 38, 36 and 33) were continuously synthesized during this period, but at a lower rate.
In the same experiment pulse and chase labelling was done to see if any of the proteins synthesized in the early stages of virus infection were processed later into new proteins as observed in HSV-2 infected HEP-2 cells (Powell & Courtney, I975) . For this purpose both infected and mock-infected cells were pulsed for 1 h with asS-L-methionine and chased until I8 h p.i. as described in the Methods. Slots A and B in Fig. I show the autoradiographic profiles of control and virus infected cells pulsed o to r h and chased until I8 h p.i. The intensity of VIP 8I seen in Fig. I, slot B , was much less than that of the same band seen in Fig. I, slot D (o to I h pulsed) . Also, the intensities of VIP bands 36 and 33 seen in Fig. I , slot B were greater than those seen in Fig. I , slot D. Since the synthesis of VIPs 36 and 33 was highest during 3 to 4 h p.i. (Fig. I , slot G and slot 14), it is unlikely that these proteins were formed by post-translational modification of VIP 8I. The reason for denser bands of VIPs 36 and 33 in Fig. I , slot B in comparison to those in Fig. I , slot D is most likely due to incorporation of asS-L-methionine remaining in the amino acid pool after washing. Since the relative intensity of VIP 8I (Fig. I, slot B) is less than that of VIPs 98, 88 and 74, this VIP seems to be less stable. Pulse-chased samples shown in Fig. I , slots E, F, J, K, N and O did not indicate any obvious processing of large proteins into smaller peptides.
As shown in Figs. I and 2, the continued synthesis of host protein after infection (o to I8 h p.i.) made analysis of synthesis of minor VIPs difficult. Table I contains the results obtained from autoradiographic analysis of VIPs from o to I8 h p.i. and the tool. wt. of each VIP. The apparent rate of synthesis of these VIPs at certain time intervals was estimated from the intensity of each autoradiographic band using a densitometer.
VIPS 98, 88, 58 and 56 were synthesized very actively for about 4 h and then their synthesis became undetectable. The synthesis of VIPs 8I, 74, 36 and 33 was also very high during the first 4 h but their synthesis continued, although at a lower rate, throughout the rest of the growth cycle. Although the initiation times of synthesis of VIPs 132 , I I8, 8I, 5 I and 36 were different, they were continuously synthesized at low rates during the rest of the lytic cycle. Some of these VIPs were detected as minor VIP bands and it was hard to distinguish clearly from host protein. The initiation of VIP synthesis appears to follow different temporal sequences. The synthesis of VIPs I32 , 98, 88, 8I, 76, 74 and 38 was initiated immediately after virus infection and the synthesis of VIPs 58, 56, 5 t, 36 and 33 was initiated during I to 4 h p.i. VIPs I18 and 99 and several minor protein bands, which were hard to detect consistently, were first synthesized in the late stages 02 h p.i.) of virus infection (Fig. 2) . In some experiments VIP II8 was detected as early as I h p.i. However, due to continued synthesis of host proteins, this point cannot be determined conclusively. In this study we did not make any attempt to identify which of these VIPs are virus structural proteins. However, the tool. wt. of VIPs 132 , Ii8, 99, 98, 88, 76 (or 74) , 58 (or 56), 5 r, 38, 36 and 33 were similar to virus proteins (VPs) 5, 6, 9, Io, It, I2, I6, I7, 2o, 2I and 22 respectively (Kim et al. I976). 
Cytomegalovirus proteins
Kinetics of synthesis of VIPs 98, 88, 8I and 74
In MEF infected with MCMV the synthesis of four major VIPs (98, 88, 8I and 74) was initiated immediately after infection. In order to determine the kinetics of synthesis of these VIPs, infected cells were pulse labelled for 2o min sequentially from o to 4 h. p.i. These preparations were electrophoresed and autoradiographs were prepared from the dried gel slab. However, in this experiment one assumption that the film was not overexposed must be taken into consideration. The intensity of these VIP bands was determined by using a densitometer equipped with an automatic integrator. The densitometer tracings of autoradiographic bands of cells pulsed for ao min sequentially from o to 6o min p.i. were made and the relative rates of synthesis of the four VIPs were estimated from integrator values obtained from each peak and these values were plotted against time. As shown in Fig. 3 , the synthesis of all four VIPs increased very rapidly immediately after infection. The maximum rates of synthesis for VIPs 98, 88, 8I and 74 were observed during 4 ° to 8o, 40 to 60, 60 to 80 a n d 60 to I2O m i n p.i. respectively. Thereafter the rates of synthesis decreased. The synthesis of VIPs 98 a n d 88 was n o t detected beyond 4 h p.i. (Table I) . However, the synthesis of VIPs 8I and 74 continued at a lower rate until I8 h p.i. Due to continued synthesis of host protein in infected cells it was difficult to carry out kinetic studies of m i n o r VIPs.
The effect of actinomycin D and cycloheximide treatment on the synthesis of VIPs in MCMV infected MEF cells
Since the synthesis of VIPs was observed as early as o to 2o min p.i., the possibility that virus particles entering into ceils might carry mRNA was investigated. To test this, actinomycin D (o'5 #g/ml) was added to the cell culture media 15 rain before the end of the 6o rain virus adsorption period and was present during the pulse labelling period. From our preliminary experiment the presence of o'5/~g/ml actinomycin D in MEF cells inhibited more than 95 ~ of RNA synthesis. Both virus infected and mock-infected cells were pulsed for I h (o to I h p.i.) and cell lysates were electrophoresed. Autoradiographs were then prepared from the dried gel slab. None of the early VIPs was synthesized in the presence of actinomycin D (data not presented). Therefore, it was apparent that immediate early VIPs were translated from virus mRNA synthesized after virus infection.
Cycloheximide, an inhibitor of protein synthesis, was used to block the translation of immediate early mRNA to determine if the absence of these proteins would affect the expression of late virus genes. Cycloheximide (z'5 #g/ml) was added to cell cultures I5 rain before the end of the 6o min virus adsorption period and removed by washing at I, 2 and 3 h p.i. and the cultures pulsed for I h with 35S-L-methionine (Fig. 4) . From our previous experiment we found that 2"5/~g/ml of cycloheximide inhibited more than 95 ~ of protein synthesis in MEF cells. Slot A of Fig. 4 shows VIP bands of purified MCMV. Slots B and E are mock-infected control MEF cells pulsed for I h after removal of cycloheximide at 2 and 3 h p.i., respectively. Slots C and F are infected MEF cells pulsed for I h after removal of cycloheximide at 2 and 3 h p.i., respectively. Slots D and G show VIPs synthesized in cells not treated with cycloheximide and then pulsed from 2 to 3 and 3 to 4 h p.i., respectively. Judging from the intensity of the autoradiographic bands the rate of VIP synthesis is higher in the cycloheximide reversal experiment. Since the initiation of virus mRNA synthesis specific for other VIPs (36 and 33) did not take place in the cycloheximide reversal experiment, the synthesis of immediate early VIPs must precede the synthesis of early VIPs. Virus infected cells pulsed from t to 2 h p.i. were compared with infected cells treated with cycloheximide until I h p.i. and pulsed for I h; VIPs 98, 88, 81 and 74 were seen in both cycloheximide reversed and untreated infected cells. The intensities of autoradiographic bands of these VIPs detected in these two lysates were also similar. All four major VIPs with greater intensities (98, 88, 8I and 74) were observed in infected cells pulsed for I h after removal of cycloheximide at 2 and 3 h p.i.
DISCUSSION
Using polyacrylamide gradient gel electrophoresis and autoradiography, the synthesis of VIPs of MCMV infected cells was studied. It was possible to detect the synthesis of at least 14 VIPs during the lytic cycle. As many as 36 additional VIPs were observed in several experiments. Due to the continued synthesis of host proteins in the infected cell, it was difficult to identify many of these minor VIPs in every experiment. Therefore, only the 14 VIPs which were detected routinely were studied in detail (Table I) .
According to the kinetic pattern of their synthesis, these VIPs were classified into three groups. VIPs 98, 88, 58, 56 and 38 were actively synthesized immediately after infection and their synthesis continued until 4 h p.i. Beyond 4 h p.i., synthesis of these VIPs was no longer detectable. These were referred to as group A. Group B contains four VIPs, 8I, 74 36 and 33. These VIPs were synthesized very actively immediately after their initiation.
